Review of Zeidan et al.
The neuroscience of meditative practice has attracted considerable attention, in part because it represents a unique juxtaposition of Western scientific practice and Eastern mystical tradition. Beyond cultural interest, however, lies the question of whether such study has clinical/therapeutic relevance. Pain research is an ideal testing ground for this question. Many chronic pain disorders are frustratingly resistant to treatments aimed at eliminating the sensory component of pain, prompting increased focus on reducing suffering by altering emotional and evaluative components of pain. Mindfulness-based meditative practices, which aim to focus attention on present experiences while reducing evaluative and affective responses, appear tailor-made for this task.
Several studies have demonstrated beneficial effects of mindfulness-based interventions for both chronic and acute pain. Most of these have demonstrated effects of mindfulness on the affective and evaluative components of pain (McCracken et al., 2007; Morone et al., 2008; Perlman et al., 2010) , but some have also demonstrated effects on sensory thresholds (Grant et al., 2010 (Grant et al., , 2011 and perceived pain intensity (Grant and Rainville, 2009 ). Exploration of the biological mechanisms of such treatments may increase our ability to treat pain disorders by enhancing our understanding of endogenous pain regulation.
Recent studies of healthy long-term meditation practitioners suggest that extensive mental training can result in thickening of cortical regions associated with pain processing, including midcingulate cortex (MCC) and primary and secondary somatosensory cortices (Grant et al., 2010) . A study of event-related potentials during anticipation of pain found that long-term meditation practice alters anticipatory evaluation and processing of pain in MCC and other pain regions (Brown and Jones, 2010) . Functional imaging demonstrated that during pain, practitioners had reduced activation in amygdala, hippocampus, and emotional/ evaluative regions of prefrontal cortex, as well as increased activation in the MCC, thalamus, and insula (Grant et al., 2011) . Additionally, altered pain sensitivity was associated with reduced functional connectivity between MCC and dlPFC. Grant et al. (2011) interpreted these findings as consistent with the meditative goals of increasing attention to present sensory experience (in this case, pain) while reducing emotional and evaluative responses.
Findings from long-term practitioners are of enormous theoretical interest as they demonstrate that intensive mental training can result in clinically beneficial neuroplasticity. Nevertheless, the level of training of the practitioners studied is beyond the scope of what many individuals with clinical pain conditions might be able to achieve, leading to questions of whether brief mindfulness-based interventions might also alter the way that pain is processed and experienced.
In this respect, a recent study in The Journal of Neuroscience by Zeidan et al. (2011) is an important step forward. Zeidan et al. (2011) scanned 15 healthy volunteers with pulsed arterial spin labeling (ASL), an MRI pulse sequence that provides a quantitative measure of cerebral blood flow (CBF) using water as a flow tracer. Scan sessions occurred before and after a brief mindfulness-based training intervention consisting of four 20 min sessions on successive days. In the first (pretraining) scan, subjects were stimulated with noxious (49°C) or innocuous (35°C) heat in both an attention-neutral and an attention-to-breath (ATB) control condition. Pain intensity and unpleasantness ratings were taken after each series of noxious heat delivery. The second (posttraining) scan session was identical to the first except that subjects' ability to focus on their breathing sensations while reducing distractions, judgments, and emotional responses had presumably been enhanced by mindfulness training. Thus, the ATB condition pretraining and the meditation condition posttraining were matched in terms of instructions and divided attention (to breath) but differed in terms of the individual's ability to achieve a nonjudgmental stance toward the pain stimulus. Zeidan et al. (2011) reported significant changes from pretraining to posttraining (ATB vs meditation) in average pain intensity and unpleasantness ratings across subjects [ϳ40% and 57% reductions, respectively, as inferred from the similarity observed in their Fig. 2 between ratings for the rest condition posttraining and the ATB condition pretraining]. Within the second (posttraining) MRI session, significant reductions in pain-induced CBF were found in the contralateral primary somatosensory cortex during meditation relative to the attention-neutral condition. Training-induced reductions in pain intensity were correlated with meditationinduced activity (main effect including meditation with and without painful stimulation) in the right anterior insula and MCC. Training-induced reductions in pain unpleasantness were correlated with orbitofrontal cortex (OFC) activation and thalamic deactivation during meditation.
The use of ASL is a notable feature of Zeidan et al.'s (2011) study. Although ASL lacks the spatial and temporal resolution of BOLD fMRI, it is well suited for examining the neural mechanisms through which meditation might affect clinical pain conditions. One reason is that because the ASL signal is sensitized to perfusion rather than blood oxygenation, it is not susceptible to slow-drift artifacts that are present in BOLD fMRI experiments when stimulus/task epochs exceed 1 min. This makes ASL ideal for studying both chronic pain and meditation, which involve sustained neural activity. The recent application of ASL to monitor dynamic changes in CBF over several minutes in a muscular pain model (Owen et al., 2010) highlights the suitability of ASL for examining naturally occurring pain states. The study by Zeidan and colleagues (2011) demonstrates advantageous use of ASL for examining meditation, as the authors were able to use longer functional epochs (e.g., 5 min, 55 s blocks of thermal stimulation) to examine a sustained meditative state. Together, these studies suggest that examining the effects of a sustained meditative state on naturally occurring pain would be a promising and clinically relevant future application of ASL.
Zeidan et al.'s (2011) study increases our understanding of the neural mechanisms through which short-term meditative training can affect the pain experience. The authors suggest that meditation alters pain through multiple mechanisms, some of which might be common to other forms of cognitive modulation of pain (e.g., reappraisal, perceived control, expectation of relief, etc.). Precise characterization of the cognitive and biological mechanisms through which mindfulness uniquely alters pain is a critical challenge for future research.
A cognitive mechanism that is thought to be unique to mindfulness is the combination of increased attention and reduced negative evaluation. As anterior insula and MCC play a role in salience detection and motor preparedness (Menon and Uddin, 2010) , increased activation in these regions may represent a neural substrate of increased attention to perceptually salient features of pain. Given that increased attention to pain and accompanying activation in these two regions is more commonly associated with increased experience of pain, the finding that activation in these regions is associated with reduced pain intensity appears counterintuitive, but it is consistent with the findings of Grant and colleagues (2011) in experienced meditators.
As increased attention and activation in MCC and insula would be expected to increase the pain experience, the key to reported analgesic effects of meditation training might be the co-occurring reduction in emotional and evaluative responses. Thus it is noteworthy that both Zeidan et al. (2011) and Grant et al. (2011) found activation patterns in regions associated with downregulation of negative affective responses (Ochsner and Gross, 2005) . Grant et al. (2011) found functional decoupling of dlPFC and cingulate, which they attributed to dissociation between attention to pain and evaluation of pain. Zeidan and colleagues (2011) noted an inverse correlation between OFC activation and unpleasantness ratings, which was attributed to altered processing of reward and hedonic experiences. The degree of concordance between these studies suggests that meditative practices may indeed reduce pain through a unique neural mechanism, one corresponding to increased attention and reduced evaluative/emotional responses.
Although these patterns of activation appear consistent with the hypothesized cognitive mechanisms of mindfulness, future work must verify these mechanisms empirically. Cognitive benefits of mindfulness have been demonstrated (Lutz et al., 2008) , but it should not be assumed that these effects occur in all populations or that they are the mechanism through which meditative training affects pain perception. For instance, it is noteworthy that Zeidan and colleagues (2011) observed an ϳ57% decrease in unpleasantness ratings following meditative training but only a 14% increase in self-reported mindfulness. While psychometric factors could explain this discrepancy, it clearly cannot be taken for granted that changes in pain experience can be attributed solely to mindfulness. Coupling pain with well established cognitive tasks that manipulate and measure attention and affective responses to pain is necessary to link changes in self-report and neural activation with the purported cognitive mechanisms of mindfulness training.
A shortcoming of the Zeidan et al. (2011) study in terms of testing the mechanistic specificity of mindfulness is the lack of an active-treatment control group. There has been considerable debate as to whether the benefits of particular psychotherapeutic interventions result from cognitive factors specific to those therapies or to factors, such as expectation of efficacy, that are characteristic of all effective treatments (Wampold et al., 1997) . As demonstrated by studies of placebo analgesia, strong belief in the stated benefits of a treatment such as mindfulness may have direct benefits on the experience and processing of pain (Wiech et al., 2008) . Furthermore, such beliefs may result in unconscious biases toward self-report consistent with these stated benefits (e.g., reductions in unpleasantness ratings). Comparing mindfulness with psychotherapeutic interventions that do not contain a mindfulness component but are otherwise matched for common factors such as degree of patient engagement and efficacy beliefs would provide a more precise understanding of the degree to which the mechanisms of mindfulness are distinct from other forms of cognitive modulation of pain.
In conclusion, Zeidan et al. (2011) provide important insights into the neural mechanisms through which meditation alters the pain experience. The study is particularly promising from the standpoint of clinical neuroscience, as the observed effects are due to clinically plausible, short-term meditation training. As both meditation and chronic pain present challenges for traditional functional neuroimaging, the use of ASL in the present study is also highly promising. As the scientific investigation of meditative practice continues to expand, however, a key challenge will be determining the degree to which changes in both the experience of pain and associated neural processing are due to cognitive and biological mechanisms specific to mindfulness.
